Abstract This paper proposes an ultrasonic method for measurement of linear and hysteretic interfacial stiffness of contacting surfaces between two steel plates subjected to nominal compression pressure. Interfacial stiffness was evaluated by the reflection and transmission coefficients obtained from three consecutive reflection waves from solid-solid surface using the shear wave. A nonlinear hysteretic spring model was proposed and used to define the quantitative interfacial stiffness of interface with the reflection and transmission coefficients. Acoustic model for 1-D wave propagation across interfaces is developed to formulate the reflection and transmission waves and to determine the linear and nonlinear hysteretic interfacial stiffness. Two identical plates are put together to form a contacting surface and pressed by bolt-fastening to measure interfacial stiffness at different states of contact pressure. It is found from experiment that the linear and hysteretic interfacial stiffness are successfully determined by the reflection and transmission coefficient at the contact surfaces through ultrasonic pulse-echo measurement.
Introduction
The physical nature of the contact acoustic nonlinearity (CAN) has been explained and analyzed by micro-mechanical models for contacttype interface. The variation of contact area due to the deformation of asperities is known to cause the nonlinear elasticity of interfaces. In the previous works, this interface is considered as a nonlinear spring whose stiffness is proportional to the contact area [1] [2] [3] [4] [5] .
Non-invasive evaluation of the contact condition is important not only for nondestructive test but for the tribology and the design of mechanical components with contacting interfaces. Micromechanical behavior of the contacting surfaces is so complicated about nonlinearity that it is hardly understood by micro-scale properties of the solids. Instead, it can be effectively explained in macro-scale by the interfacial stiffness which is employed to model the nonlinear stressdisplacement relation of the contact surfaces in nonlinear spring models. This interfacial stiffness is known to offer a lot of useful information on the nature of contact interface, for example, the detection tool of a closed crack that does not produce linear scattering waves. Ultrasound is an attractive tool for monitoring this contact condition between solid components because of its penetration power and sensitivity to the discontinuity [6] .
Interfacial stiffness of contacting surfaces has been determined by different principles such as the normal and oblique reflection of bulk waves or the velocity/attenuation of guided waves.
Biwa [1] [2] [3] 
Interfacial Stiffness in Solid-Solid interface
At the micro-scale, the contact interface appears as two surfaces of irregular topology ( ): - at the interface z=0 by [7] , 
Measurement of Reflection and Transmission

Coefficients
When a normal incident wave   is applied to solid-solid contact interface of two identical plates by a transducer as shown in Fig. 3(a) , three reflection waves from the plates are generated consecutively as L1, L2, and L3 in order. L1 is the first arriving wave reflected once directly from the interface between the plates, while L2 and L3 are reflected waves traveling two times and three-times of the distance the wave L1 does. Therefore, the round-trip distance of L1 is two times of the thickness of the plate, 2d, and L2 for 4d, L3 for 6d. While L1 is composed of only one reflection wave ur as shown in Fig 3( Fig. 3(a) , all transmission and reflection coefficients between the transducer and plate are priori-known and noted by r,   , and   as represented in Fig.   3(a) , except the unknown R and T at the interface of interest.
Then the reflection and transmission coefficient, R and T of the interface can be expressed by the magnitude of the waves L1, L2, and L3 [7] . 
Eq. (4) 
Experiment and Results
In order to demonstrate the method proposed in this paper, a solid-solid interface is created artificially by clamping two steel plates by high-tension bolts as shown in Fig. 4(a) . Before joining two plates, they are ground flat well and smooth enough to get an area-contact instead of line-contact. The plate specimen has a hexagonal washer-shape of 50 mm in outer diameter and 25 mm in inner diameter with 10mm thickness.
A mounting jig to hold ultrasonic transducer on the specimen is also made and set on the top surface of the steel plates as shown in Fig. 4(b) .
Two identical hexagonal washer-type plates were initially put together by hands, so that only a small amount of pressure is imposed on the interface of the plates. At this negligible pressure, shear ultrasonic wave was sent to the 
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